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Epinephrine is still employed with more or less danger and success 
to  raise  the  blood  pressure  in  states  of  collapse.  The  fact  lends 
some  practical  interest  to  the  observations  to  be  described  here. 
Their original purpose was to determine whether  the response of the 
blood pressure  to  the intravenous injection  of very small amounts  of 
epinephrine might not be a useful indicator of diminished blood volume 
in  cases suspected  of hemorrhage.  In the  course of the  experiments 
ether was noted  to have a  marked effect on the response.  And  this 
point  will be the  first  taken  up, since it has a  direct  bearing on  the 
other work. 
General Method. 
Rabbits and dogs were used.  Morphine and ether were the anesthetics given to 
the dogs,  and paraldehyde, 1.5 ce. per kilo, was administered by stomach tube to 
the rabbits.  A  carotid artery was connected with a mercury manometer by the 
usual wash out carmula.  The epinephrine injections were intravenous, into  the 
external maxillary vein at  its junction with  the internal  maxillary to  form the 
external jugular.  The flow inthe jugular itself, from the internal maxillary, was 
utilized to flush the test doses into circulation,  an important point in rabbits, since 
thus the  introduction  of a  relatively considerable  fluid bulk was avoided.  The 
external maxillary ("posterior facial" in the rabbit) was dissected  out forabout 
1.5  cm. above its junction with the  internal maxillary ("anterior facial"), and a 
short,  small cannula  was introduced  which  carried on the  end in  the  vessel a 
piece of narrow, soft rubber tubing about 0.8 era. long.  The end of the latter 
was pushed almost to the junction of the veins and held in place by a  rubber- 
covered  bulldog  clamp,  after  which  the  sleeve  of  vessel  wall  was  drawn  up 
on the cannula and tied in place.  When an injection was to be made, a hollow 
needle of exactly the length to reach to the end of the rubber tubing, and with a 
173 174  PRESSOR  EFFECT  OF  EPINEPHRINE 
rounded blunt tip, was thrust along the cannula, the bulldog clamp relaxed for 
an instant to permit its passage, and then closed on it again prior to the injec- 
tion,  which  was  practically instantaneous.  In  this  way  the  test  doses  were 
delivered directly into circulation, and all injury to the vessel was prevented. 
At  the  beginning  of  each  experiment the minimum  amount  of epinephrine 
(Parke, Davis and  Company)  was determined which would bring about a  well 
defined, if brief, rise of blood pressure, such as might conceivably be recognized 
in  man  by  a  coming  through  of  the  pulse beat in an arm compressed to just 
above the systolic pressure of the individual, as previously determined.  It was 
found that in rabbits of 1,500  to 2,250  gin. our specimens of epinephrine caused 
regularly a pressure rise of 10 to 15 ram. of mercury when 0.5 co. of a 1:1,000,000 
dilution (the commercial solution diluted 1,000 times) was injected intravenously. 
This will be referred to hereafter as the minimum stimulative dose.  Half the 
amount yielded only a negligible rise in pressure.  The findings were identical in 
ten animals.  The minimum stimulative dose caused no change in heart rate or 
amplitude, as indicated on rapid tracings, a fortunate circumstance, since thereby 
factors were ruled out which might have complicated the results. 
No attempt was made to determine whether the minimum  stimulative dose 
was as constant in dogs as in rabbits. 
At the beginning of each set of observations, the normal pressure response of 
the animal to 1 minimum stimulative dose of epinephrine and to multiples of it 
was several times recorded on  a  kymograph.  The injections  were  given  in  a 
fixed order and at fixed intervals, and this sequence was followed throughout the 
experiment, in order that  a  possible influence of one injection to affect the re- 
sponse to the next might be disposed of as a disturbing element.  As a matter of 
fact, 10 minimum stimulative doses did not suffice to alter the response to a like 
amount given 2 minutes later.  But with 100 minimum stimulative doses it was 
necessary to  wait more than  5  minutes if an identical response was to be ob- 
tained  from  a  second  injection.  Consequently  such  large  doses  were  seldom 
employed. 
Save in special instances the fluid bulk injected at each test was 0.5 cc.  Epi- 
nephrine in a  dilution of 1:1,000,000  in 0.9 per cent sodium  chloride  loses  its 
pressor effect entirely in 3 to 4  hours at room temperature, and for this reason 
fresh dilutions had to be made in long experiments.  Fortunately the 1:100,0D0 
dilution deteriorates little, if at all, in this time.  By means of tests with  this 
and with new 1:1,000,000 solutions, a constant check was kept upon the results. 
E~ect of Ether. 
In rabbits under  the influence of paraldehyde,  and in morphinized 
dogs,  the  amount  of  epinephrine  required  to  cause  a  transient  rise 
in the blood pressure of 10 to 15 nun.  of mercury, that is to say I  mini- 
mum  stimulative dose, was found not to vary in successive tests on the PEYTON  ROUS  AND  GEORGE  W.  W~SON  175 
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same  animal  within  a  period  of  2  hours.  When  ether  was  given 
alone, or with the anesthetics already mentioned, the pressor response 
varied  with  the  amount  employed.  Under  light  ether  the  response 
was similar to that with paraldehyde, but when the ether was pushed 
to the degree sufficient for operative procedures,  1 minimum  stimula- 
tive dose of epinephrine  aroused  almost no  response,  and  even  that 
to  10  minimum  stimulative  doses was  somewhat  diminished  (Text- 
fig.  1).  When still more ether was given, so that  the blood pressure 
fell 20 to 30 ram.,  the rise caused by 10 minimum  stimulative  doses 
was far less than  the normal for the same animal,  and,  in rabbits  at 
least,  it  was  slow in  appearing  and  prolonged--which  doubtless ac- 
counts in part for Lhe lessened amplitude  (Text-fig. 2).  The response 
to large  doses was never affected to nearly  the same degree as  that 
to small  ones. 
In  the  deeply  etherized  animals  there  was  often  some  cyanosis. 
But  cyanosis alone,  as  brought  about  by a  gradual  stenosis  of  the 
trachea,  did not affect the epinephrine  response. 
Effect of Hemorrhage. 
There  is much  evidence to show that  the blood  pressure  response 
to small doses of epinephrine is largely conditional on the state of con- 
traction  of the vascular muscle at  the moment?  The  cells are  con- 
tracted  more  than  usual,  thus  narrowing  the  stream  bed,  when  the 
blood volume is diminished after a hemorrhage.  These considerations 
led us to test the response in bled animals with a  view to its possible 
clinical  application.  For there  exists  at present  great need of some 
rapid indicator of lessened blood volume.  According to Cannon and 
his  coworkers,  2 and  more  especially  to  Govaerts}  an  approximately 
normal blood count may be yielded by exsanguinated  soldiers seen a 
few hours after their wound; and it may be impossible to distinguish 
clinically the collapse of lessened blood volume from that due to shock 
alone or an  extending infection.  8 
x Cannon,  W. B., and Lyman, H., Am. J. Physiol.,  1912-13, xxxi, 376. 
2 Cannon,  W.  B.,  Fraser,  J.,  and  Hooper, A.  N.,  J.  Am.  Med.  Assn.,  1918, 
lxx, 526. 
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The  extensive  literature  upon  epinephrine  contains  almost  no 
work  concerning  the  effect of small  amounts  of the  substance  on  a 
blood  pressure  lowered  by  hemorrhage.  Hoskins,  Rowley,  and 
Rosser  4 bled dogs moderately  (10  to  20  cc. per kilo of bodyweight) 
and  injected  an  equal  bulk  of  salt  solution  prior  to  tests.with  epi- 
nephrine.  The blood pressure was not lowered by the bleeding  and 
injection,  and in view of the fact that no preliminary steps had been 
taken to deprive the animal's body of fluid reserves capable of making 
up  the  blood  loss,  it  seems probable  that  only  slight  if  any  adjust- 
ment  on  the  part  of  the  vasomotor  system  could  have  been  neces- 
sary.  The authors conclude that "hemorrhage  causes  ....  slight 
or no augmentation of the reaction to epinephrine." 
In our experiments a reduction of the fluid reserves prior to the bleedings  was 
deemed a primary consideration.  Accordingly,  both food and water were with- 
held from the animals during the 24 to 48 hours prior to operation.  Relatively 
small  bleedings  in  animals  so  treated  brought  about  an  enduring  reduction 
of  the  blood  pressure,  whereas  in  those  well  watered  this  tended  to  return 
promptly to the normal after even considerable  blood losses, and the effect of the 
epinephrine  could  not  certainly be judged.  The  bleedings  were  accomplished 
through the free limb of the carotid cannula, which latter was disconnected from 
the manometer temporarily and flushed  of anticoagulant.  In reconnecting the 
manometer care was taken to lower its pressure beyond that which it was thought 
would  now  exist  in  the  circulation.  Thus  any considerable entrance into  the 
blood stream of the anticoagulant--half saturated sodium sulfate--was prevented. 
A marked depletion was brought about by two to four successive  bleedings. 
After each the response to epinephrine was several times tested.  Then the blood 
bulk was restored, sometimes with horse serum or a  7 per cent solution of gum 
acacia in 0.9 per cent sodium chloride,  but usually by returning the animal's own 
warmed blood, which had been kept  from clotting by 0.5  per cent  of sodium 
citrate.  When the bleedings and reinjection were carried out rapidly, the blood 
pressure was usually restored to its original level.  But when the  animal had 
been kept in a severely depleted condition for 20 to 30 minutes, this result was 
not obtained, and even when fluid was injected in excess, the pressure remained 
low. 
Paraldehyde  and  morphine  were  the  anesthetics  used,  and  in  the  manner 
already described.  To control the results, ether was sometimes employed, always 
under careful restriction. 
4 Hoskins, R. G., Rowley, W. N., and Rosser, C., Arch. Int. Med., 1915, xvi, 
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The response  to small doses of epinephrine was markedly affected 
by hemorrhages lowering blood pressure.  Always a  diminished pres- 
sure rise was noted,  and  the amount of the diminution was directly 
proportional to the lowering of the pressure consequent on the blood 
loss.  When the pressure was very low, no response whatever was ob- 
tained from  1 or 2  minimum stimulative doses of epinephrine  (Text- 
fig. 3),  while  sometimes 4  doses  failed of  effect.  A  response  to  10 
doses  (0.5  cc. of a  1 : 100,000  dilution) was never completely lacking, 
even  in  exsanguinated  animals,  but  that  seen  was  often  sluggish 
and prolonged,  as in animals heavily anesthetized with ether.  That 
these results did not depend on  mechanical  inability  of  the  cardio- 
vascular  system  to  raise  the  blood  pressure,  but  to  insufficient 
stimulus,  was  shown  by  the  response  to  100  minimum  stimulative 
doses (0.5  cc. of a  1 : 10,000 dilution), which was nearly always iden- 
tical  with  the  normal.  Yet  occasionally  even  this  response  was 
affected (Text-fig. 4). 
When  the bleeding,  testing,  and reinjection of blood,  or  a  substi- 
tute, were carried out briskly so that the blood pressure was low for 
only a  few minutes, the response to epinephrine was not permanently 
impaired, but returned in proportion  to  the degree of  restoration of 
the blood pressure.  When the latter had reached  the previous nor- 
mal,  the  response  was  found  to  be  approximately  normal  as  well 
(Text-fig. 3).  Prolonged depletion--for 20 minutes or more~had  a 
lasting effect on the blood pressure which now could not be brought 
to  the normal even by an excess of injected fluid.  In such animals 
the response to epinephrine remained somewhat impaired (Text-fig. 4). 
The results were the same in animals restored with horse serum or 
acacia solution instead of blood. 
Effect of Plethora from Transfusion. 
As  a  corollary  to  the  findings under  the  condition of diminished 
blood bulk  the influer/ce of plethora was  tested. 
Rabbits were used and were given paraldehyde as in the previous experiments. 
A few observations  were also made in animals given ether, but these were not 
satisfactory, owing to the great alterations in the state of anesthesia which were 
produced by the fluid injections.  As a  rule  the fluid used, which was always o 
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warmed to 38-40°C.,  consisted  of the citrated whole blood of other compatible 
rabbits; but sometimes a 7 per cent acacia solution was  employed.  Each time 
that the bulk of circulating fluid was increased it was necessary, of course,  to 
increase proportionally the test doses of epinephrine in order to obtain compar- 
able concentrations in the blood stream.  For the calculations that this entailed, 
the original content of blood was assumed  to be 5.5 cc. for every 100 gin. of the 
animal's crude body weight, s  With each increase  in circulating fluid produced 
by transfusion, the test dose of epinephrine was increased correspondingly; and 
it was diminished again as the fluid was withdrawn by bleeding. 
The  increases  in  blood  bulk  did  not  affect the  blood  pressure  of 
the animals that were anesthetized with ether, but in those under  the 
influence of paraldehyde every considerable increment of fluid  caused 
a  pressure  rise which  was  permanent during  the  short period of  the 
experiment.  For example, an initial increase in the  blood  volume of 
about one-eleventh was  usually attended by a  pressure rise  of 10  to 
15 ram. of mercury.  The observations were made then  upon  animals 
which  were  not  only  plethoric  but  had  an  abnormally  high  blood 
pressure  as  well.  The  response  to  epinephrine  under  such  circum- 
stances was regularly a diminished one; and the degree of the diminu- 
tion  varied  directly with  the  heightening of the  blood  pressure.  A 
diminished  response  was  obtained  even  when  the  test  dose  was 
far  greater  than  that  necessitated  by  the  increase  in  blood  bulk 
(Text-fig. 5).  When the excess of fluid was withdrawn by bleeding,  the 
response again assumed normal proportions.  The findings in plethora 
can  scarcely be due  to  the  sodium  citrate  delivered with  the  trans- 
fused blood, for the same results were obtained  with  acacia  solution, 
and exactly opposite ones were obtained when the  animals  were  bled 
prior to  transfusion.  However,  to  settle  the point,  the  influence  of 
citrate  by  itself was  tested.  The  amounts  employed in  the  trans- 
fusions were found not to affect the epinephrine response. 
5 Boycott, A. E., and Douglas,  C.  G., Y. Path. and Bacteriol.,  1909, xiii, 256. 
Frequent tests of the rabbit's blood volume with vital red by a method modified 
from that of Keith, Rowntree, and Geraghty (Keith, N. M.,  Rowntree, L. G., 
and  Geraghty, J. T.,  Arch. Int. Med.,  1915, xvi,  547) have  convinced us  that 
this proportion closely approximates the real one. 182  PRESSOR  EFFECT  OF  EPINEPHRINE 
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DISCUSSION. 
It  does not  lie within  our intent  to discuss at length  the physio- 
logical basis of the facts here recorded.  The problems presented are 
obviously complex.  But the findings in etherized animals  cannot be 
passed  over without  a  reference  to  the  study of Auer and  Meltzer 6 
on  the  response of skeletal muscle as affected by general  anesthesia 
with ether.  These authors find that the muscle contractility is much 
diminished  by ether,  as shown both by direct stimulation  and when 
the nerve is stimulated.  They further  conclude that  the drug has a 
curare-like  action,  inducing  a  resistance  to  the  passage  of  stimuli 
through  the nerve  endings.  It  seems probable from our work  that 
some at least of these effects are exerted on smooth muscle.  For the 
rise in  blood pressure  caused by minute  doses of epinephrine  is  the 
result of contraction of the vascular smooth muscle, through  stimula- 
tion at the myoneural junctions (Cushny).  And when  the animal  is 
under ether the rise is much less or may be absent.  One is not war- 
ranted in assuming without further work that this is the result of a di- 
minished  contractility of the vascular muscle, brought about perhaps 
by a block at the myoneural junctions, yet certainly it is the most likely 
explanation.  And  the  effect of  the  ether  is  as  transient  as'in  the 
case  of skeletal  muscle.  In proportion  as the animal  comes out of 
the anesthetic, the response to epinephrine returns. 
The influence of hemorrhage  on the pressure response to epineph- 
rine may perhaps be due in part to a  slowed or otherwise altered cir- 
culation of the substance in the depleted animal,  so that an effective 
concentration  fails  to  reach  at  a  single  moment  the  walls  of  those 
portions of the stream bed which are chiefly engaged in maintaining 
blood pressure.  Whether  such  a  factor  is  really  active  we are  not 
enabled  to  say.  But  it  will  scarcely  suffice  to  explain  the  lack  of 
response to  three or four times the  test dose that  is effective in  the 
unbled animal.  And in  this  connection it may be pointed out that 
the test dose undergoes far less dilution when injected into the circu- 
lation of an animal after the blood bulk has been decreased by severe 
bleeding than when injected prior  to the blood loss. 
6 Auer, .l., and Meltzer, S. J., J. Pharmacol. and Exp. Therap., 1913-14, v, 521. 184  PRESSOR  EFFECT  OF  EPINEPHRINE 
The character of the  response to epinephrine when the blood pres- 
sure is lowered but the blood bulk remains intact varies with the means 
used  to  bring  about  the  condition.  If  it  is  consequent on peptone 
shock  or  anaphylaxis,  a  lessened pressor  response  is  obtained  7 for 
reasons as yet unknown.  If,  on the other hand,  it has been induced 
by pithing  or by the  administration  of nitroglycerol,  both of which 
cause a  relaxation of the vascular muscle, an increased pressor effect, 
or the substitution  of one for a  depressor effect, may be the result. 1 
Here apparently  the  response is  directly related  to  the  state  of the 
vascular  muscle.  Whether  the  lessened  pressor  effect  observed  in 
animals with a  blood bulk decreased by hemorrhage is dependent on 
the  unusually  contracted  condition  of  the  vascular  muscle  as  was 
our a  priori assumption--cannot  be decided from the present experi- 
ments.  But certainly if this is the case one is forced to conclude that 
only when  the  contraction  of  the  muscle is  very marked  does  any 
noteworthy effect obtain.  For moderate bleeding~ which do not cause 
a  lowering of the blood pressure,  though  they undoubtedly must re- 
sult in some vascular  contraction  for its maintenance,  have slight or 
no influence on the response to epinephrine. 
The findings in plethoric animals have an interest in this connection. 
The  repeated  small  transfusions  by  which  plethora  was  produced 
would supposedly tend  at  some period  to  cause a  relaxation  of  the 
vessels  in  order  to  accommodate  the  increased  blood  bulk.  With 
such  relaxed  vessels an  increased  response  to  epinephrine  might  be 
expected.  But as a matter of fact, any changes observed were in the 
direction of a lessening of the response.  The marked lessening noted 
when  the  plethora  was great  and  the  blood pressure  high  is  a  new 
illustration  of the  oft noted  fact  that  epinephrine  may have  a  rela- 
tively slight influence on  a  blood pressure  already above the normal 
(Cushny). 
Neither  ether  anesthesia nor  hemorrhage  appreciably  affects  the 
pressure  response  to  large  doses  of  epinephrine.  Herein  doubtless 
lies  the  explanation  for  the  fact that  the  marked  influence  of these 
factors on the response to small amounts has beei1 overlooked.  Yet 
this influence, as now demonstrated,  is not  without  practical  impor- 
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tance.  If epinephrine is to be administered to hemorrhage cases or to 
patients in collapse under ether,  it should be given in the knowledge 
that doses effective under normal conditions may now fail to elicit a 
vascular  response.  If administered  in  considerable  amount  and  in- 
travenously,  a  temporary  response,  differing  little  if at  all  from  the 
normal,  can  be obtained.  But small  amounts  given subcutaneously 
with  a  view  to  causing  a  pressure  rise  within  physiological  limits 
will almost  surely  fM1 of effect. 
It  is  probable  that  many  factors  besides  ether  anesthesia  and 
hemorrhage  will  be  found  to  lessen  the  pressure  response  to  small 
doses of  epinephrine.  The  statement  has  already  been  made  that 
anaphylactic  shock and peptone poisoning will do so.  And we have 
noted  that  the pressure response gradually though  slowly diminishes 
in animals given paraldehyde and kept on the operating table, with a 
•  manometer  connection,  for from 6  to 8 hours.  From  ~11  this a  suc- 
cessful clinical use of epinephrine as an  indicator  of diminished blood 
volume would seem unlikely. 
SUMMARY. 
Ether anesthesia has a  marked influence in diminishing  the pressor 
response to minute amounts of epinephrine injected directly into  the 
circulation.  Hemorrhage also acts  to lessen or abolish the response, 
and  to  a  degree  directly  proportional  to  the  lowering  of  the  blood 
pressure it  causes.  In  the  exsanguinated  animal  an amount  of epi- 
nephrine  three or four times that sufficient to produce a pressure rise 
of 10 to 15 ram.  of mercury under normal conditions, may be entirely 
without  effect.  The  response  to  large  doses,  on  the  other  hand,  is 
uninfluenced by ether or hemorrhage. 
The facts stated have a  practical bearing not  only on the employ- 
ment of epinephrine  to fide over collapse but on its possible utiliza- 
tion in the future to raise a  low blood pressure to the normal height 
and  maintain  it  during  a  considerable period.  For  the  amount  of 
epinephrine  which  under  normal  conditions  will  suffice  to bring  up 
the  blood pressure may have  little  or no  effect on an etherized  indi- 
vidual  or  on  one  who  has  lost  blood.  The  same  d~fficulty  will 
doubtless be encountered  under  other  conditions. 186  PRESSOR  EFFECT  OF  EPINEPHRINE 
In animals rendered plethoric by transfusion the response to small 
doses  of  epinephrine lessens  in proportion  as  the  blood  pressure  is 
increased by the plethora. 